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What is MRAP? Mission Risk Assessment Plan

Violation Explanations explain
how certain Element Behavior
violates the Performance
Constraint being analyzed.

System Model

analysis:

Element Behavior

(A)

Element Behaviors

(B) and (C)

Element Behaviors
~7 (B) and [(D) or (E)]

Element
Behavior (E)

Element
Behavior (D)

IMCE PRA scripts

Europa’s MBSE infrastructure + IMCE’s PRA script development =
unique opportunity to pursue a novel approach to performing PRAs
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MBSE PRA Process

Develop foundational capability to perform Probabilistic Risk
Assessments (PRAs) from a System Model

Design Capture Model: components,
causal dependencies, state machines
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The use of a single source of truth enables a consistent foundation across all PRAs.

Unable to provide loose pointing
(<50 degree control)

Equation
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MRAP Documentation

Model-Based Probabilistic Risk Assessment (PRA)

USER GUIDE

Documentation was
developed to help
other missions
implement a similar
process
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Traditional vs MRAP Approach

Gystem modeling: \

Should already
* understanding the be in the system
system elements to model.
be modeled;
*  modeling how Added to system
failures in these model through
elements (leaf-leve* cause & violation
fevenfts) Cla;JS_Ie /I [] explanations
unctional failure;
* identifying risk I PRA script
scenarios and and Equation [
modeling their Library =
OCCU rre n Ce Probabilistic Treatment of Basic Events
probability; : l -
. e Agnostic to
* acquiring reliability L
k Exan|
data . :on ap proaCh v = key parameters that grea
/ The uncertainty in occurrence of an event is i ,,re:jtuslt:i itivity studies
characterized by a probability distribution

Using the MRAP approach, there were roughly 3 PRAs developed (for the
Europa Clipper mission) for the cost of 1 PRA, using traditional methods



Example Application: Europa Clipper PRAs



Europa Clipper PRAs of interest

\
r Europa System Model/TMS

Hardware
Requirements
State transition timelines / Operational Scenarios
\_ Causal Dependencies )

Notable contribution

MRAP
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contamination (increased preserve science in the fault protection recovery
bioburden reduction presence of expected strategies during the burn
decreases reliability) outages




Result Analysis: Assessing Drivers of Unreliability
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Visualization and Validation

System-generated graphics are used to validate

results
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Proper FTA Nod Addrezzed in PRA PRA Node 1D Notes
Fallure to acquire valid data from KEMAG Yes Fm12
KEMAG provides no data Ralied up #¥m2)
KEMAG & broken Yes FT1211
Scence path i broken or stuck Ralied up ¥T1211) Part of KEMAG & broken
Data path ks broken or stuck Ralied up ¥T1211) rt of KEMAG ks broken
KEMAG & not powered Covered Oniy switch fauis are modsled
Space power St Handied in s3fing vids power £ umed to trigger s3fing
KEMAG circut & not energized Yes FT1213 nc node
KEMAG command ks not excauted Covered
KEMAG £ils to respond to command Yes ™ aition filure ks modsled explicitly
KEMAG data path s damaged Ralied up #¥T1211) Part of ICEMAG & broken
KEMAG Ralied up ™ Part of transion faure
CRDH £k to Covered
CRDH e Handied in s3fing ssumed o trigger sfing
CEDH 1 in reset of wap Yes FT12161 FT12162
CEDH 1 otherwise functional but cannot emit commands  Ralled up ¥T12161, FT12162) rolied into reset / swap rates
Excamion Engine & stuck of in reset Ralied up FT12162)
Excamion Engine bad saquence Ralied up FT12162)
bd No FT12162)  Command ful
No FT12162)  Probably roll upinto command £
KEMAG provides bad data Ralied up Part of head node
Scence path ks broken or stuck Ralied up Part of KCEMAG & broken
Ralied up #T1211) of KEMAG s broken
Covered
Mot credible
Handied in s3fing Aszumed unplanned thruster fring can only result from safing
Covered
Spacecraft fils to provide clean power Ralied up FT1213 Part of KEMAG circuit i not energized
KEMAG zhort Ralled up #Fm1211) of KEMAG & broken
Propulzion module EM No Very
Other EM No Very tricky
KEMAG zends data 3t uncipected rate Ralied up #¥T1211) of KEMAG
KEMAG command not eacouted [see above] Covered
KEMAG pointing & unknown Yes 11214 node
No ntercom rolied into CLDH Bilures
No ntercom rolied into CLDH Bilures
No General GNC filure rolied into CRDH fikures
Yes FT12141
Yes FT121411
No ‘Al Other GNC Fault” node tempararily removed
Ralied up #T12)
Ralied up #7121
ntercom broken No
805 fk Yes 11215
unable to handie da No
805 unable to recane 3y d Yes FT12151
unpowered No
805 s No
broken Covered
80S NAND & broken Yes FT1215.11, FT121512
805 Controlier & broken No Roll into command falkure?

Auto-Generated Instrument Fault Tree vs. Manually Generated



Summary, Observations, and Lessons Learned

Every detail of system cannot be modeled
* Model things conservatively first; if result favorable, stop!
- Else, target high-risk areas for detailed exploration

Stop at box level unless specific Project question arises driving
lower-level modeling

* Reliability information often not available at lower levels
Use visualization to help validate that the system model is correct

Always iterate modeling, findings, and results with subject matter
experts prior to delivery

Always verify MRAP scripts and architecture after each revision.
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